Vehicle-flow detection and tracking by digital image are one of the most important technologies in the traffic monitoring system. Gaussian mixture distribution method is used to eliminate the influence of moving vehicle firstly in this text, and then we built the background images for vehicle flow. Combining the advantages of background difference algorithm with inter frame difference operator, the real-time background is segmented integrally and dynamically updated accurately by matching the reconstructed image with current background. In order to ensure the robustness of vehicle detection, three by three window templates are adopted to remove the isolated noise spot in the image of vehicle contour. The template structural element is used to do some graphical morphological filtering. So, the corrosion and expansion sets are obtained. To narrow the target search scope and improve the calculation speed and precision of the algorithm, Kalman filtering model is used to realize the tracking of fast moving vehicles. Experimental results show that the method has good real-time and reliable performance.
Introduction
At present, the vehicle-flow detection method was mainly divided into three methods, which are, respectively, based on wave frequency, magnetic frequency, and machine vision [1] . Comparing these methods, as a noncontact detection method, the machine vision method based on video has the following advantages.
(1) Easy to install, repair, and maintain. CCD can be installed in the road adjacent areas to acquire vehicle image and video. In addition, they are installed without the closure of expressway and road mining, which will not influence the orderly traffic infrastructure.
(2) Wide scope of video monitoring. The imaging area of CCD can detect multiple lanes simultaneously and obtain more parameters related to traffic flow.
(3) It can record live video, which provides evidence for the causes of accidents [2] . Additionally, with the continuous development of computer hardware and software technology, image processing, artificial intelligence, and pattern recognition, the video based method has satisfied real time and accuracy. With the attention of transportation operator, governmental authority, and research scholar, the video based vehicle detection method is applied more and more widely in ITS [3] [4] [5] [6] .
In recent years, experts and scholars in related fields pay more attention on moving vehicles detection. Fruitful research results, such as optical flow method [7] , background difference method, [8] and interframe difference method [9] , also have been achieved. All of these have their own advantages and disadvantages, respectively. Optical flow method has better accuracy, while the real-time performance is poor. Background difference method is commonly used when the background is in little change situations and the testing results depend on the background update algorithm. Namely, the higher the reliability of the background update, the better the results. And inter-frame difference method can detect the vehicle well, while it is easy to miss the slow vehicle so as to 2 Advances in Mechanical Engineering cause false detection because it often segments vehicle into multiple parts.
In [10] , Magee put forward a tracking algorithm based on the background model and on the shape of an object, position and velocity. Each pixel in the traffic scene was classified as background objects, foreground objects and noise. Also, the background information calibrated was used in foreground models to verify the consistent assumptions of area and the detected vehicle speed. Kamijo and Sakauchi and Bennett et al. [11, 12] split vehicle image into multiple regions by using space-time Markov random field model. Each region was marked based on texture information and identified the contact of regions as the time axis. This method could acquire the good recognition performance and the accuracy of vehicle-flow identification can be obtained as high as 95%. Schclar et al. [13] put forward 3D vehicle model based on the probability density function and the detection process by adopting linear motion characteristics. In [14] , Huang et al. detected vehicle in aerial images using the rectangular shape, the front window, and shadow information. But the process is at slower speed (an image in 1000 by 870 pixels is processed in about 30 seconds). Stauffer and Grimson [15] tracked the vehicle flow and pedestrian with mixed Gaussian method based on the background-foreground model. The processing speed is 2 frames/s. Although the algorithm of vehicle flow detection based on video has laid sound research foundation on vehicle detection, real-time performance of the algorithm needs further improve yet.
The main contents of this paper contain moving background reconstruction, real-time background updates, moving vehicle-flow extraction, noise suppression, vehicle-flow tracking and some others. Firstly, we apply the mixed Gaussian distribution method to eliminate the impact of the vehicle, and then to establish the background image of vehicle. Secondly, by matching the reconstruction background with the current background of the image sequence and combining the advantages of background difference method with inter-frame difference method, the real-time background can be completely and accurately segment, and updates dynamically. To ensure the robustness of the follow-up vehicles detection, the 3 × 3 window template is applied to eliminate isolated noise point of vehicle contour image. Moreover, to obtain images of the corrosion sets and expansion sets, the template structural element is used to do some graphical morphological filtering. It can effectively restrain the noise while keeping marginal information of the moving vehicles as far as possible. Finally, as to narrow the target search range and improve the calculation speed and precision of the algorithm, this paper uses Kalman filtering model to realize track of fast moving vehicles flow. Using the presented method, apart from extreme weather, the experiment statistical results show that the algorithm is very good in real time and reliability and the acquisition of the traffic parameters can meet the needs of the transportation management department. This paper is organized as follows. Following the introduction, the detection algorithm of the moving vehicle flow was described in Section 2. Section 3 illustrates moving vehicles flow tracking based on Kalman filter and Section 4 is the experimental results. In Section 5, we give some discussions about this text. Finally, the last two sections conclude conflict of interests and acknowledgments in the paper.
Detection Algorithm of Moving Vehicle Flow
Background subtraction [16] [17] [18] calculates the difference image between background image and the current image, and it can segment the moving pixels in the scene. At first, this paper applies Gaussian mixture model to establish moving vehicles background images, uses the background adaptive method to update the background real time, and then classifies each pixel in the image according to Gaussian movement model. Secondly, this paper proposes the method of reducing noise by two steps. What is more is that the noise suppression mechanisms are added in the foreground detection part to reduce the impact of noise on foreground detecting. Finally, in order to obtain an accurate description of regions of moving vehicles, the system compares former frame image, reference background and determines pixel with drastically changes of the brightness. The moving vehicles can be identified as follows:
where ( , ), ( , ), and ( , ) are the current image, background image, and extraction image of moving vehicles.
Median Filtering.
Because of convert device's influence (such as photodetectors, A/D converters) and the surrounding environment [19] , there are many sorts of noises and distortion in collected image. And median filter can overcome negative influence on image and protect the edge information of vehicle [4, 20] . Furthermore, the processing speed is fast relatively. Therefore, we use median filter for image preprocessing. Figure 1 is the original image and Figure 2 shows the result using template three by three median filters. image within time and the background model of moving vehicles detection established by applying Gaussian mixture model for each pixel [20] . The following is its basic principle.
Background
(1) Assuming that each pixel in the images has states, is usually taken 3 to 5. The greater the value, the stronger the ability to deal with fluctuations, but the longer the processing time required.
(2) Each state is indicated by a Gaussian function. Parts of the states mean pixel value of the background, while the rest of states present the pixel value of moving vehicles in foreground.
(3) If the pixel color values are stated by variable , the probability density function is shown as
where , is average value in time at the Gaussian distribution, ∑ , is covariance matrix, , is weight, and ∑ , = 1. Here, is the dimension of . If it is gray image, then = 1. And if it is color image, then = 3. To reduce computation cost, we consider that the color channels of each pixel in acquisition image are independent of each other. And they have the same variance, where the covariance matrix is
We put the Gaussian distributions in descending order according to the value of / . If = 3, then the Gaussian distribution with the maximum / value is the background. If > 3, and the front distributions meet (4), they are considered to be background distributions. The others are foreground distributions: where is weight threshold and it is the minimum value for the sum of the Gaussian distribution that can describe the scene background. Figure 3 shows the background image which is constructed with Gaussian mixture method. We can see from the figure that there is no impact of vehicle in the reconstructed background image.
Background Updating.
As the vehicle motion detection system operates in the open air. It will be influenced by random factors greatly. Such as the changes of illumination intensity and the direction of the light, strong winds and the influence of vehicle shock, the roadside flower, grass, and trees moving with the wind [21] . Therefore, the designed algorithms must have the ability of updating the background model states to adapt the change of environment. Suppose ( , ), ( , ) are the current background image and the corresponding image at moment. The moving pixel at time is calculated as follows:
In this paper, we generate mask template of image by combining the advantages of background difference method and inter-frame difference method. Background difference method, inter-frame difference method, and the generation of mask template as shown as Figure 4 shows the image by background difference, and Figure 5 is the image using inter-frame difference. The generated mask template is shown as in Figure 6 .
The ( , ), ( , ), and −1 ( , ) are current background image, the corresponding image at moment, and the corresponding image at − 1 moment. Cutting image that is corresponding to ( , ) in region mask and another 4 Advances in Mechanical Engineering 
We define as the updated background image, which is made up of the weighted sum for the current background image and real-time background image, shown as follows:
The weight value of in (8) affects the background updating speed. When is too small, the ability to suit for changes in the background is not strong, especially when light changes greatly because the background image adaptive time increases obviously. If is too large, there will be vehicle drag marks in the background image. So, we can update background image quality and adjust speed automatically by regulating the value of considering that the impact of moving target on light changes can be ignored. So, the influence on light changes depends on the pixel in no moving target area, shown as * = , = ∑ 
Here, * is the variation of illumination between image ( , ) collected at moment and image −1 ( , ) collected is the pixel number of image ( , ) collected at moment in no moving target area.
is the normalized variation of illumination between image ( , ) and image −1 ( , ).
( , ) is the movement pixel. To obtain equably changed background images, we link with historic data using = 0.85 −1 + 0.15 * ,
where is the weight value used when the background image updates at moment. Figure 7 is the reconstructed real-time background image.
Segmentation Based on Background.
In order to subtract background image from original image, we adopt binary segmentation method aiming to establish a segmentation model based on pixel distribution characteristics. Finally, the binary image of vehicle is acquired. Although the extraction results will inevitably loose some image information of vehicle, even impair the accuracy of vehicle detection. Besides, decreased information will reduce the computational complexity of detection algorithm, which is significant to system with high real-time performance.
Otsu's method is used to automatically perform histogram shape-based image shareholding or reduce a gray level image to a binary image. The algorithm assumes that the threshold of image contains two pixels classes or bimodal histogram (e.g., foreground and background). Then, it calculates the optimum threshold separating those two classes so that their combined spread (intraclass variance) is minimal Advances in Mechanical Engineering 5 [22] . Specifically, the provided image has levels from 1 to . The amount of level is . And the sum of all levels is
The probability of level is = .
Then, we use integer to divide levels into two groupsgroup 0 and group 1 , namely, 0 = {1, 2, 3, . . . , } and 1 = { + 1, + 2, + 3, . . . , }.
The sum of probability for group 0 is
And the mean of group 0 is
Correspondingly, the probability sum and mean of group 1 are
We define the sum of mean and the statistic mean of the whole image as = ∑ =1 , = 0 0 + 1 1 .
(16)
Otsu method shows that minimizing the intraclass variance is the same as maximizing interclass variance:
We compute (17) substituting different ( varies from 1 to 255). The corresponding is the optimal threshold when (17) is maximized.
Vehicle Characteristic Extraction.
Read the current image, and judge it with condition (11) . One can see that
If it meets the above condition, we think that the point is the moving vehicles' pixel, or it is the background point. Consider that the noise will not continuous appear at the same pixel position 3 times or more. Then, we can establish a buffer buffer( , , + ) and ∈ 1, 2, 3, 4, if it meets (18), buffer( , , + ) = 1, or buffer( , , + ) = 0. Read the images collected at + 2, + 3, and + 4 moment and judge it according to (18) . If it meets condition (19) , we think the point is the noise point. Figure 6 is the image of the moving vehicle we picked up. One can see that buffer ( , , + 1) + buffer ( , , + 2) + buffer ( , , + 3) + buffer ( , , + 4) < 3.
2.6. Noise Suppression. In Figure 8 , there are some isolated noise points near the vehicle outlines. And the window template three by three is used to eliminate these noise points.
The center element of the window template aims at the current waiting element to count corresponding white pixels (pixels of moving vehicles) under the template window. The counted result is recorded as sum. sum is set as the threshold value. If sum < sum , we consider the pixel according to the template center element as isolated point and set the current pixel value to 0. Traversing through the image, the result image can be obtained as shown in Figure 8 . In Figure 9 , most of the noise points can be eliminated.
Image Filling.
After the image processing, some discontinuous mass will appear in the area in which the grey value of the moving vehicles is close to the grey value of background. This affects vehicle detection accuracy significantly. Therefore in this paper, the morphological filtering method is used to fill the moving vehicle image [23] . The computational procedure is described as follows.
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Advances in Mechanical Engineering (1) Erosion process for image is performed with template window structural element. The noise can be eliminated. And the corrosion image of moving vehicles can be obtained.
(2) Expansion process for image is performed with template window structural element. The pores inside the moving vehicles can be filled. And the expansion image of the moving vehicles can be gotten.
(3) Traversing through the pixels of moving vehicles in dilation image, searching connected regions and marking them.
(4) Projecting the connected regions into the original threshold moving vehicles image.
The above filling algorithm not only avoids noise influence on moving vehicle but also retains boundary details as much as possible. Figure 10 shows that the filling algorithm both avoids noise influence on moving vehicle and retains boundary details as much as possible.
Neighborhood
Analysis. Neighborhood analysis algorithm, which is to find out a path between two pixels in a certain region, aims to calculate the position of moving vehicle in each image acquired by CCD. There are two kinds of neighborhood path: 4-neighbor and 8-neighbor paths. We analyze the connectivity region using 8-neighbor method to detect the size of vehicle. To eliminate noise effects, we discard the region whose size is too smaller than 20 (the threshold depends on experiment). Thus, we obtain moving vehicle using the minimum enclosing rectangle (MER), which is critical for searching range of vehicle tracking. Every vehicle in image is marked with MER and the analysis result is shown in Figure 11 
Moving Vehicles Flow Tracking Based on Kalman Filter
Because of the image acquisition high frequency, time intervals of the images sequences between two frames are small and changes of moving targets between two frames are also small. So, we can consider it as uniform motion. Naturally, the state vector and the observation vector are defined as equation [24] . In the calculation process, there is still need to handle a large number of redundant data. And search ] .
On this trial, the state error ( ) and the observation error V( ) are assumed as the Gaussian noise. The results of the vehicle tracking which is based on Kalman filter are shown in Figure 12 . The search time is about 50 ms-80 ms under our test conditions shown in Section 4. 
Experimental Results
In this experiment, the video format is PAL pattern, and frame rate is 25 frames/s, and the image size is 640 × 480. The platform of this algorithm is software Visual Studio 2005. Hardware platform is P4 2.8 GHZ and internal storage is 2 GB; the every experiment time is 120 minutes in morning and afternoon. We update background rapidly by combining the background difference method with the frame difference method. The background updating time is about 3 ∼ 5 ms. In order to validate the algorithm, we have a large number of tests. The testing place is two-way ten-lane in the Shen-Shanxi expressway. There are nine statistics, which contain shadow, thunderstorms, lightning, and other conditions. Each statistics lasts 120 minutes by sample data. For the various weather, BP-NN was adapted as the image detection algorithm classifier [3, [19] [20] [21] [22] . The statistical result is shown in Table 1 (in this table, the vehicles tracking accuracy = number of tracking vehicles/number of detecting vehicles). By the statistics result we can know that, in various environments, the vehicle detection accuracy is higher than 96.1%. Accuracy after vehicle tracking is higher than 97.8%. This states that the algorithm described above has a good reliability and robustness. In case of water and lightning, detection and tracking accuracy have certain declines. This is mainly because strong flash and reflection in this environment disturb collecting image seriously. Besides, this method is mainly useful in the structure road. How to identify, suppress, and eliminate such distractions are the further research contents. We will do the next research in another project.
Conclusion
In this paper, the Gaussian mixture method eliminates the impact of the vehicle and sets up the background image. The real-time background is segmented completely and accurately, updated dynamically by matching the reconstruction background with the current background of the image sequence and combining the advantages of background difference method with the interframe difference method. To ensure the robustness of the follow-up vehicles detection, the window template three by three is applied to eliminate isolated noise point of vehicle contour image. And to obtain images of the corrosion sets and expansion sets, the template structural element is used to do some graphical morphological filtering. To narrow target search range and improve the calculation speed and precision of the algorithm, this paper uses Kalman filtering model to realize the tracking of fast moving vehicle. The statistical results of the experiments show that the algorithm has good real time and reliability.
